The Working Group on Neurogenic Inflammation proposed 11 testable hypotheses in the three domains of neurogenic inflammation, perceptual and central integration, and nonneurogenic inflammation. The working group selected the term people reporting chemical sensitivity (PRCS) to identify the primary subject group. In the domain of n6urogenic inflammation, testable hypotheses included: PRCS have an increased density of c-fiber neurons in symptomatic tissues; PRCS produce greater quantities of neuropeptides and prostanoids than nonsensitive subjects in response to exposure to low-level capsaicin or irritant chemicals; PRCS have an increased and prolonged response to exogenously administered c-fiber activators such as capsaicin; PRCS demonstrate augmentation of central autonomic reflexes following exposure to agents that produce c-fiber stimulation; PRCS have decreased quantities of neutral endopeptidase in their mucosa; exogenous neuropeptide challenge reproduces symptoms of PRCS. In the domain of perceptual and central integration, testable hypotheses included: PRCS have alterations in adaptation, habituation, cortical representation, perception, cognition, and hedonics compared to controls; the qualitative and quantitative interactions between trigeminal and olfactory systems are altered in PRCS; higher integration of sensory inputs is altered in PRCS. In the domain of nonneurogenic inflammation, testable hypotheses included: increased inflammation is present in PRCS in symptomatic tissues and is associated with a heightened neurosensory response; PRCS show an augmented inflammatory response to chemical exposure. The working group recommended that studies be initiated in these areas. -Environ Health Perspect 105(Suppl 2): 531-537 (1997) 
Introduction
The goal of the Working Group on symptoms in people reporting chemical Neurogenic Inflammation was to formu-sensitivities. The working group designated late specific testable hypotheses to explain people reporting chemical sensitivity the relationship between exposure and (PRCS) as the phrase to identify the group of primary interest. For specific research projects, the working group emphasized the importance of certain hypotheses, clearly stated subject selection criteria, uniform subject characterization methods, and inclusion of appropriate controls.
The group identified three broad domains in which hypotheses could be generated: neurogenic inflammation, perceptual and central integration, and inflammation. Neurogenic inflammation was the initial assigned task of the group. However, some group members thought perceptual and central integration or nonneurogenic inflammation likely were the domain of primary dysfunction. Figure 1 indicates the likely interactions between these three domains.
The working group focused on understanding symptoms and processes that occur minutes, hours, or days after lowlevel chemical exposure. The group limited experimental questions to those that could be performed using existing methods and techniques. In the future techniques such as functional imaging may be useful but are insufficiently developed at present. Reagents for immunohistochemistry and immunoassays, and pharmacologic agents for human use are also developing rapidly.
The group thought individual research groups should specify their own definitions of chemical Figure 2 illustrates terminology. The terms have been chosen because committee members thought they had common usage across disciplines of physiology and psychology.
Irritation: An excessive response to stimulation, i.e., specifically a condition of soreness or inflammation. Many chemicals stimulate c-fiber nerves; patients report having excessive responses. At present, it is unknown whether the response is characterized by soreness (acute discomfort) or induction of inflammation.
Increased response: An inclusive term that can mean increased sensitivity, increased reactivity, and prolonged duration.
Increased sensitivity: A leftward shift in the exposure-response curve.
Increased reactivity: An increase in the slope or the maximum of the exposureresponse curve.
Increased duration: An increase in the duration of the response.
Threshold for symptoms: The point on the exposure-response curve at which symptoms are reported by the subject.
Habituation: Over time, the repeated presentation of a stimulus elicits a response of diminished amplitude.
Adaptation: The tendency, characteristic of a sensory organ, to show a diminished response as a result of prolonged or short-term repetitive stimulation.
Peripheral neural pathways: Peripheral (9) . Formaldehyde is perhaps one of the best examples of a chemical that because of its reactive, water-soluble properties is deposited primarily in the nasal cavity and interacts with components of the nasal mucosa (10, 11) . Thus, on inhalation challenge the effects of formaldehyde should be directly related to initial interactions within this respiratory tract region. Watersoluble alcohols and ethers will also be deposited in the nasal passages; these chemicals can interact with specific receptors in the nasal mucosa, thereby initiating potential toxic effects or adverse responses. In contrast, water-insoluble volatiles are not entrained by the nasal mucosa and would therefore continue down the airways to be deposited in more distal regions (9) .
Ozone is an example of a reactive chemical that will be deposited throughout the respiratory tract (12) . However, because of regional anatomical and histologic differences, it reacts with respiratory mucosa primarily in the region of the nasal transitional epithelium and the respiratory bronchioles. Thus, effects on challenge with ozone should be either of an anterior nasal or a lower respiratory tract nature (13, 14) .
Finally, nonreactive water-insoluble organics will continue to the most distal portions of the respiratory tract and be absorbed into the blood because of the high perfusion of the alveoli. These types of chemicals, xylene, toluene, and hexane, for example, will be translocated in the blood to various targets in the central nervous system, including the brain. Complex mixtures such as cigarette smoke, gasoline exhaust, and diesel combustion products contain examples of each of the chemical classes listed above (15) . Thus, these complex mixtures would be expected to exhibit upper and lower respiratory effects as well as distal central nervous system effects. The advantage of these complex mixtures is that they reproduce environmental stimuli that patients identify as triggers of symptoms.
Removal from exposure is also an intervention that may aid in understanding the disease process. An example of a question that could be posed using a unit is: Does residence in an environmental unit reduce indices of inflammation in patients with diseases known to be characterized by chronic inflammation?
Experimental Reagents and Methods
Experimental reagents and methods define the practical boundaries of experimentation and hypothesis testing. The committee Trigeminal evoked potentials (19) Olfactory evoked potentials (21) primarily considered outcome measures that have previously been used in studies involving human subjects. (16) . When agents stimulate c-fiber nerves, they may initiate an axon reflex, central processes ( Figure 3) , and sympathetic and parasympathetic reflexes. The broad hypothesis is that the chemosensitive nerves, their products, and their receptors, are the critical end organs in chemical sensitivity syndromes (17) . Alterations in neurogenic inflammation could occur at the afferent irritant receptor in the control of the axon reflex (such as the density of nerve fibers, their neuropeptide content, the quantity of neuropeptide released with simulation, and the area of release resulting from stimulation). Alterations could also occur at the level of the tissue neuropeptide receptor or intracellular transduction of the receptor stimulus (Figure 3) . Alterations could also occur in central processing of the irritant stimulus (see "Domain 2: Perceptual and Central Integration") and in the control or expression of autonomic reflexes. Cell-and plasma-derived mediators generated during infectious or allergic inflammation may modulate neurogenic inflammation.
There are two versions of the neurogenic inflammation hypothesis. One hypothesis states that the inciting event or process is unknown. Once the process begins, the c-fiber nerves play a central role in the increased sensitivity and decreased specificity of responses as well as relay to and amplification of central reflexes. The adverse reaction to an exposure reflects the severity of the process, but the low-level chemical exposure does not materially alter the pathologic process. A separate hypothesis states that the initiating process for chemical sensitivity is chemically induced injury to the c-fiber neuron structure and function, and that the course and severity of the syndrome are a function of the magnitude of continuing exposure to the chemical, with injury progressing with low-level, symptom-inducing exposures.
Airborne chemicals can activate the sensory irritant receptor through two different mechanisms (16) . First, the receptor can be activated by physical adsorption, which is believed to be the case for alkanes, alkylbenzenes, alcohols, ketones, and ethers. The alkylbenzenes activate the receptors via a benzene binding site and the alcohols activate the receptor via a hydrogen bond. Capsaicin, the active ingredient in red pepper, binds to the vanilloid receptor. Second, the other group of substances activates the receptor by a chemical reaction (16) . In general, this group of substances is more potent than substances only physically adsorbed to the receptor. The chemically reactive substances can break a disulfide bond in the receptor, which is believed to be the mechanism by which sulfur dioxide activates the receptor. Many substances activate the receptor by a chemical reaction with a nucleophilic group.
Formaldehyde, acrolein and related substances, and chlorobenzylidene malononitriles and related substances all are expected to react with a thiol group in the receptor. Oxidizing agents such as chlorine and ozone may oxidize the thiol group and thereby activate the receptor. The thiol group might also be involved in the acidbased reactions responsible for the receptor activation process of amins. Other nucleophilic groups (HO-or NH2 groups) may be involved in the binding of isocyanates and some of the aldehydes. Habituation refers to the tendency for the amplitude of a response to diminish over time with repeated presentation of the stimulus that elicits the response. The reflexes referred to in the neurogenic inflammation section could habituate or fail to do so in patients reporting chemical sensitivity. In these patients, the reflexes might even become sensitized or show increased reactivity.
Adaptation, in this context, refers to a sensory organ's tendency to show a diminished response as a result of prolonged or repeated stimulation. As a result, perception becomes less salient or appears to be less intense. For example upon entering a room containing an odorant, an individual may perceive an odor to be very strong. Fifteen to thirty minutes later, the odor may be barely noticeable. Chamber studies indicate odor adaptation is strong, reaching perhaps 60% (26, 27 
Summary and Recommendations
It is reasonable to hypothesize that neurogenic inflammation, perceptual and central integration, and inflammation are involved in the pathogenesis of chemical sensitivity symptoms. Research is recommended to test the hypotheses outlined in this report.
